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Mass Multiplication of Bambusa vulgaris: Innovations,
Techniques, and Future Prospects

ABSTRACT

Bambusa vulgaris, a multipurpose bamboo species within the Poaceae family, is
significant towards sustainable industrial applications as a result of its proliferate growth,
resilience, as well as various uses which includes construction, bioenergy, and paper
production. This comprehensive literature review explores propagation methods for mass
production of B. vulgaris to reach accelerating global demands. Primarily crucial in areas
such as Southeast Asia and India, B. vulgaris flourish over diverse climates and soils, making
it feasible for large-scale farming. Conventional vegetative propagation techniques, includes
rhizome division, have progressed into modern biotechnological approaches, by tissue culture
as well as somatic embryogenesis arising as proficient strategies for rapid, disease-free
multiplication of superior genotypes. These techniques secure genetic accuracy and premium-
studies foreground the remarkable genetic and phenotypic flexibility, that ensuring the
selection of superior genotypes enhanced for distinct applications. Inventions like
mechanochemical preliminary treatment strengthens biomass extracting for biofuels, aligning
by sustainable goals. [Irrespective of its easy care and rapid multiplication cycles, challenges
in micropropagation as well as large-scale adaptation persist. The opportunities that lie in
genetic research as well as breeding programs to enhance growth rates, disease resistance,
and biomass quality. By cultivating B. vulgaris helps in sequestration of carbon and
ecological rehabilitation, as well as fortifying its environmental and economic value. This
review intensifies micropropagation as the most superior technique for mass multiplication,
favouring for continued development to uphold sustainable production and to reach industrial
as well as ecological demands,)
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1. INTRODUCTION and-History

Bambusa vulgaris, commonly known as common bamboo, golden bamboo, and
striped bamboo, is an economically remarkable species under the Poaceae family,
distinguished by its rapid growth rates, structural adaptability, as well as varied applications
fluctuating from construction materials to bioenergy sources. Indigenous to areas of
Southeast Asia, especially China and Indonesia, B. vulgaris has been cultivated over two
millennia, including historical archives spotlighting its role in prehistoric Chinese culture for
manufacturing tools, housing, and paper (Junior et al., 2019; Balduino et al., 2016). The
utilization of bamboo is unlimited in Asia, it has been extremely embedded in the socio-
economic fabric of India, where texts arising from the Vedic period record its importance in
rural construction and crafts (Gillis et al., 2007). The resilience of B. vulgaris to diverse
climatic conditions as well as soil types has made it a prominent candidate for mass
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production intended at achieving accelerating industrial demands. Its applications extend
across varying sectors, involving construction, where it acts as a sustainable substitute to
traditional timber (Ameh and Shittu, 2021), bioenergy production where it promotes biomass
energy solutions (Balduino et al., 2016) and pulp as well as paper manufacturing, yielding its
favorable chemical composition (Correia et al., 2015). The propagation of B. vulgaris has
been altered from conventional methods, depending on vegetative propagation methods like
rhizome division to modern biotechnological approaches focused on expanding efficiency
and yield. For instance, tissue culture techniques have revealed favorable applications for the
rapid reproduction of elite genotypes, securing genetic accuracy, and creating a persistent
supply of superior-quality planting material (Ramanayake et al., 2006; Sette et al., 2016). The
aim towards sustainable resource maintenance and environmental profits, such as
sequestration of carbon by means of afforestation initiatives, furthermore emphasizes the
requisite for effective propagation strategies (Gama et al., 2024; Ekwe et al., 2022).

Morphological studies of B. vulgaris designate the existence of significant genetic and
phenotypic flexibility, assisting its resilience in various ecological settings. Mutability in
culm structure, leaf morphology, and growth patterns is conceivably critical for selecting
superior genotypes for distinct uses, either in construction or bioenergy contexts
(Ramanayake et al., 2006; Costa et al., 2022). The enhanced understanding of these traits has
remarkable economic indications, peculiarly in optimizing growth conditions and
accelerating biomass yield. Arising from an economic standpoint, the stipulation of B.
vulgaris describesits ideal for variable applications. For example, its fibers have excellent
mechanlcal effects that are employed in producing panels and other building materlals

. NVlthm these
somatlc embryogeneS|s and in vitro culture approaches have resulted in successful methods
for regenerating superior varieties with desirable virtues (Gillis et al., 2007; Ramanayake et
al., 2006). In vitro propagation permits the rapid multiplication of selected genotypes while
assuring disease-free seedlings, crucial for large-scale commercial production. Moreover, the
optimization of environmental conditions throughout tissue culture has resulted in enhanced
rooting as well as shoot proliferation rates, by means accelerating the propagation process
(Ramanayake et al., 2006; Cardoso-Furlan et al., 2018). The modern integration of
mechanochemical pre-treatment processes has also been investigated as a waste-free solution
for transforming bamboo into feasible sugars or biofuels (Ekwe et. al., 2022). This technique
coincides with the sustainability goals cooperated with bamboo cultivation, where it
contributes to productive resource utilization as well as decreases waste generation
throughout biomass processing (Ekwe et. al., 2022). Forecasting, the mass production of B.
vulgaris suggests both challenges and opportunities. However, micropropagation is the best
technique for mass multiplication of bamboo. As attention to sustainability grows, the
demand for bamboo as an eco-friendly resource will probably increase. By, cultivating B.



vulgaris could generate remarkable benefits for carbon sequestration, biomass production,
and ecological restoration endeavor in degraded landscapes (Gama et al., 2024). Moreover,
advancements in genetic research and breeding approaches permit potential for improving
traits including growth rate, disease resistance, and biomass quality, thereby strengthening the
economic potentiality of bamboo production (Generoso et al., 2016).
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2. |Propagation Strategies ffor B. vulgaris

Propagatien| of B. vulgaris is complicated because of its irregular flowering cycle (30-60
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years) and low seed viability (Khalid Khan et al., 2015). Strategies include:

Vegetative Propagation
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. Culm Cuttings: Single or two-node culm divisions of 30-50 cm are planted in
moist soil, carrying out 70-80% rooting within 30-45 days. This propagation
method is cost-effective but confined by seasonal accessibility (Sharma et al.,
2022).



. Rhizome Division: Mature rhizomes are divided and planted, 60-70% survival
rate is seen. It is a laborious method and is unfit for large-scale production
(Emamverdian et al., 2020).

. Branch Cuttings: Lateral branches having nodes are rooted in nursery beds,
yielding a success rate of 50-60%, but high maintenance is required (Zheng,
2024).

Tissue Culture

Micropropagation through nodal explants and somatic embryogenesis is favorable for
mass production due to its flexibility and capability to produce disease-free plantlets. In
India, the NBM inspires tissue culture to reach the plantation targets, with above 10 million
plantlets yielded annually (National Bamboo Mission, 2023).

Seed Propagation

Propagation by seed is rare as a result of its low seed accessibility and low
germination rates (10-20%). It is mostly used in research settings to reach out to genetic
diversity (Khalid Khan et al., 2015).

4. Morphological Characteristics and Variability
General Morphology

B. vulgarisshows culms of 10-20 m tall, and 4-10 cm in diameter, with internodal
lengths of 20-45 cm and wall thickness of 7—15 mm. Its bright green culms change to yellow
with age, and clumps produce 20-50 culms. Leaves are lanceolate (sword-shaped) with 15—
25 cm long, whereas rhizomes are caespitose, and give support for dense
clumping (Zheng, 2024).

Global Variability
Morphological variability is influenced by environmental factors:
e Malaysia: Culms are shorter 8-15 m, and thinner, about 3-7 cm, because of acidic
soils and high rainfall (Emamverdian et al., 2020).
e Brazil: Thicker culms up to 12 cm are observed due to fertile Amazonian soils (black
soils), with clump sizes achieving 60 culms (Zheng, 2024).
e Africa: Ethiopian plantations exhibit shorter internodes up t015-30 cm, due to semi-
arid conditions (Sharma et al., 2022).
Variability in India

In India, B. vulgaris morphology varies by region:

. Punjab: Higher clump height with 15-18 m tall and internodal length varies from
30-40 cm due to fertile alluvial soils (ResearchGate, 2018).
. Kerala: Shorter culms of 12-15 m height and smaller clump sizes comprise 15-30

culms due to high humidity as well as lateritic soils (Sharma et al., 2022).



. Northeast: Larger culm diameter (8-10 cm) and denser clumps comprise 40-50
culms due to heavy rainfall and loamy soils (National Bamboo Mission, 2023).

Morphological differences are assigned to soil type, rainfall, and altitude, with genetic studies
denoting moderate variability within populations (Khalid Khan et al., 2015).

Fig2: Different plant parts of B.vulgaris

(Source:https://www.cabidigitallibrary.org/doi/full/10.1079/cabicompendium.8398)

5. Conventional PFepagaHeH{ Methods of Bamboo
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Bamboo, a multipurpose and strong-growing plant belonging to the subfamily
Bambusoideae, is commonly propagated through various conventional methods to meet
ecological, economic, and cultural demands. These methods depend on vegetative and, not as
much seed-based techniques, due to bamboo’s flowering cycles are often volatile and
occasional (Clark et al., 2015). The following primary ka#epagaﬂed methods culm cuttings,
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branch cuttings, rhizome division, offset planting, and seed propagation, are explained in
detail (Banik, 1995; Sharma & Nirmala, 2015) [(Table 1),
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1. Culm Cuttings: Culm cuttings include taking segments of matured bamboo culms (stems)
for propagation. A culm segment with 1-2 nodes long, and taken from a 1- to 3-year-old
culm, ensuring it includes strong nodes with buds. The cuttings are planted horizontally or
vertically in a well-drained medium, with facing upward buds. Hormonal treatmentswith
indole-3-butyric acid (IBA), should be applied to better rooting (Ray & Ali, 2017). Usually,
the cuttings will develop roots and shoots from the nodal buds in about 4-8 weeks, depending
on species and weather conditions.

This method is simple, profitable, and extensively used for species like Bambusa vulgaris and
Dendrocalamusstrictus. It needs minimal requirements and is most suitable for small-scale
propagation (Banik, 1995). Success rates differ by species, with some, like Phyllostachys
species, showing low rooting success. The method is labor-intensive, and sometimes cuttings



are susceptible to fungal infections,uncertainty not appropriately managed (Sharma &
Nirmala, 2015).
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Fig3: Culms cutting of Bamboo(https://www.bambooinfo.in/cultivation/bamboo-propagation-
through-culm-cuttings.asp)

2. Branch Cuttings

Branch cuttings are the utilization of lateral branches from bamboo culms, mostly in
bamboo species with thick-walled culms like Bambusabambos. Healthy branches with 2-3
nodes are taken and treated with rooting hormones (IBA) and planted in a medium (e.g., sand
or vermiculite). The cuttings are maintained under high humidity and partial shade to
encourage root and shoot development, most probably within 6-10 weeks plants get ready to
transplant (Ray & Ali, 2017). This method is not as much ofa culm cuttings but effective for
certain clumping bamboos.Branch cuttings are used for propagation when culm sections are
less available. They are useful to speciesthat producevigorous branches and can produce a
greater number of plants from a single culm (Banik, 1995).The method has proven to have
lower success rates than culm cuttings and requires accurate environmental control (Sharma
& Nirmala, 2015).

7 . \l‘.

Fig 4: Branch cuttings
3. Rhizome Division

Rhizome division includesdividing the rhizome system which is underground of
clumping bamboos into segments utilized for planting. The rhizome, along with roots and
1-2 culms, is dug from a mature plant with age of 3-5 years old. The dug rhizomes are
replanted in a soil medium with adequate moisture and nutrients. This method is idyllic for
clumping species such asBambusatulda and Dendrocalamushamiltonii, because their
rhizomes produce new shoots readily (Tewari et al., 2019).Rhizome division has a superior



rate of success, as the rhizomes already have an established root system. It can produce
vigorous plants rapidly, most suitable for large-scale plantations (Banik, 1995).The method
is labor-intensive and damaging to the parent plant. It is unreasonableto runbamboo with
diffuse rhizomes and necessitatesimportantinterplanetary resources (Sharma & Nirmala,
2015).

Fig 5: Rhizome division of Bamboo(Source: https://ar.inspiredpencil.com/pictures-
2023/bamboo-rhizomes)

4. Offset Planting

Offset planting involves detaching a portion of the culm base, with the rhizome and
roots, from anestablished bamboo clump. The offset, naturally a single culm with its basal
rhizome, is carefully dug and replanted in a nursery or field. This method is specifically used
for clumping bamboo. Offsets generally establish quickly, often within 3-6 months, under
optimal conditions (Ray & Ali, 2017).

Offsets certify high survival rates due to their integral root systems(Banik, 1995).The method
is highly aggressive, damaging the parent clump, and is limited by the accessibility of
suitable offsets. It is also labor-intensive andinappropriate for running bamboo (Tewari et al.,
2019).

new shoot

leptomorph \S\\}lljl‘/g

T pachymorph
AN Mo

rhizome

5
Fig6: offset of Bamboo
5. Seed Propagation
Seed propagation is rare due to the plant’s asymmetrical flowering cycles which

isfrequentlyhappening every 20-120 years (Clark et al., 2015). When seeds are available and
seeds are collected then soaked in water for 24 hours to break dormancy, and sown in a well-



drained medium. Germination takes place within 1-3 weeks under warm and moist
conditions. This method is specially used for species like Melocannabaccifera, which
generally produce viable seeds during gregarious flowering (Banik, 1995).

Fig 7: Seeds of Bamboo plants

Seed propagation permits genetic diversity and is beneficial for breeding programs. It
is non-invasive to present clumps and suitable for large-scale sowing when seeds are
available (Sharma & Nirmala, 2015).The infrequency of bamboo flowering restrictions seed
availability. Seeds have low viability and short storage life, and saplings require intensive
care to reach maturity (Ray & Ali, 2017).

Table 1: Comparative conventional methods of propagation in Bamboo
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6. Tissue Culture Protocol for Bambusa vulgaris Mass PFepagaHed

Tissue culture is considered a milestone for the rapid and uniform production of
Bambusa vulgaris, a bamboo specieshigh-quality for its economic, ecological, and industrial
uses. The tissue culture procedure includes explant selection and sterilization, culture
initiation, shoot multiplication, rooting, and hardening, each improved to maximize
production while sustaining genetic fidelity (Table 2),
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explant and sterilization, the most important step to get viable, contamination-free explant
material. Nodal segments with 2-3 cm and taken from juvenile culms are chosen because of
their high meristematic activity and response to in vitro conditions. These explants,
preferably collected from healthy, actively growing plants, are carefully rinsed under running
tap water to eliminate debris. Sterilization comprises a 5min immersion in 0.1% mercuric
chloride (HgCl2) with gentle agitation, followed by a 30 sec dip in 70% ethanol, and 3-5
rinses in sterile distilled water to remove remaining sterilants. This routine, as described by
Sharma et al. (2022), ensures minimal contamination while preserving explant viability.
Treatment of HgCl. requires caution due to its toxicity, and all steps must be performed under
a laminar airflow to maintain aseptic conditions.

]Media and Culture initiation\: Culture initiation aims to induce axillary bud breaking and

establish active growth. Sterilized nodal explants are trimmed to eliminate any damaged
tissue and placed vertically on Murashige and Skoog (MS) basal medium fortified with 3
mg/L benzylaminopurine (BAP), 3% (w/v) sucrose, and 0.8% (w/v) agar, with the pH
adjusted to 5.7 £ 0.1 before autoclaving. BAP, a cytokinin, promotes bud initiation without
extreme callus formation, which may cause somaclonal variation. Cultures are incubated at
25 + 2°C under a 16-hour photoperiod with 50-60 pmol/m#/s light intensity. Within 14 days,
about 80% of explants show axillary bud breaking, forming shoot primordia, as reported by
Emamverdian et al. (2020) and Sharma et al. (2022) (Table 2). Regular monitoring during the
first week is essential to detect and remove contaminated cultures promptly.

]Mass multiplication through shoot: \Shoot multiplication strengthens the number of shoots
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for large-scale propagation. Initiated shoots are sub-cultured on the fresh MS medium
containing 3 mg/L BAP and 2 mg/L kinetin, along with 3% sucrose and 0.8% agar,
maintaining thepH and incubation conditions. The synergistic effect of BAP and kinetin
improves shoot proliferation and elongation, producing approximately 5-10 shoots per




explant within 4-6 weeks (Khalid Khan et al., 2015). Shoot clusters are divided into smaller
units (2-3 shoots) to decrease competition and sub cultured every 4 weeks to sustain vigor
and prevent nutrient depletion. If phenolic exudation occurs, adding 0.5 g/L activated
charcoal to the medium can mitigate browning, ensuring healthy shoot development.

]Mass multiplication through root: \Rooting of the explant is the next phase, where shoots
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develop into whole plantlets. Healthy shoots with 3-5 cm in length are transferred to a half-
strength MS medium with 3 mg/L indole-3-butyric acid (IBA), 1.5% sucrose, and 0.8% agar,
with pH adjusted to 5.7 + 0.1. Half-strength MS reduces salt stress, enhancing rooting
efficiency, while IBA encourages robust root initiation. Cultures are incubated under similar
temperature and light conditions, with root formation typically visible within 7-10 days.
Approximately 80% of shoots develop roots within 21 days, forming saplings ready for
acclimatization, as noted by Zheng (2024) ](Table 2). Shoots should not be excessively
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elongated, as this may interrupt rooting; trimming to 3-5 cm is suggested if necessary.

Hardening and Acclimatization] Another broad definition of tissue culture is the shifting of

in-vitro generated plantlet from a laboratory to the ground. Hardening and acclimatization of
evolution plantlets to ex vitro conditions, ensuring high survival rates. Rooted plantlets are
gently removed from the medium, and their roots are washed away under running water to
remove agar residues, avoiding microbial growth. Saplings are then transferred to a 1:1
cocopeat:soil mix, which offers optimal aeration, moisture holding, and nutrient accessibility.
They are maintained in a greenhouse at 25 + 2°C and 70% relative humidity, initially under
50% shade for 2 weeks to prevent photoinhibition. Over 4 weeks, light exposure is gradually
increased, and humidity is reduced to ambient levels. Watering is done sparingly, preferably
via misting, to avoid root rot. This treatment results in approximately 90% plantlet survival,
as reported by Sharma et al. (2022) |(Tab|e 2). Intensive care for fungal infections throughout
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the first week is crucial, with mild fungicide application if needed.

This protocol suggests a robust framework for Bambusa vulgaris tissue culture,
balancing effectiveness, scalability, and genetic stability. Its dependence on axillary bud-
based propagation minimizes somaclonal variation, making it ideal for commercial
plantations and conservation efforts. The use of optimized medium compositions, such as
half-strength MS for rooting, enhances cost efficiency, while regular subculturing supports
sustained production.




Process of micropropagation in Bambusa vulgaris

Proliferation

Secondary Hardening

(Gantait er al., 2018; Mishra ef al., 2022)

Fig8: lllustration of micropropagation procedure of B. vulgaris

Table2: Tissue Culture of Bambusa vulgaris: Explant Types, Media Concentrations, and
Success Rates.

Explant Stage Media Hormone Success Rate Reference
Type Compositio | Concentration
n (MS- S
based)

Nodal Culture MS + 3% 3 mg/L BAP 80% bud Emamverdiane
segment | Initiation sucrose + initiation tal. (2020)
s(2-3 0.8% agar within 14
cm, days
juvenile
culms)
Nodal Shoot MS + 3% 3mg/L BAP + | 5-10 Khalid Khan et
segment | Multiplicatio | sucrose + 2 mg/L Kinetin | shoots/explan | al. (2015)
s(2-3 n 0.8% agar t (4-6 weeks)
cm,
juvenile
culms)
Shoots Rooting Half-strength | 3 mg/L IBA 80% rooting | Zheng (2024)
(3-5cm) MS + 1.5% within 21

sucrose + days

0.8% agar
Nodal Culture MS + 3% 2 mg/L BAP + | 65% bud Sharma et al.
segment | Initiation sucrose + 0.5 mg/L NAA | initiation (2022)
s (1-2 0.7% agar within 18
cm, days
mature

culms)




Shoot Shoot MS + 3% 25mg/LBAP |4-8 Mudoiet al.
tips (1-2 | Multiplicatio | sucrose + +1 mg/L shoots/explan | (2013)
cm) n 0.8% agar + | kinetin t (5 weeks)

0.5g/L

activated

charcoal
Leaf Callus MS + 3% 2mg/L 2,4-D + | 70% callus Negi & Saxena
bases Induction sucrose + 1 mg/L BAP formation (2011)
(0.5-1 0.8% agar within 20
cm) days
Nodal Rooting Half-strength | 2 mg/L IBA+ | 75% rooting | Anand et al.
segment MS + 2% 0.5 mg/L NAA | within 25 (2013)
s (2-3 sucrose + days
cm, 0.8% agar
juvenile
culms)
Shoot Culture MS + 3% 4 mg/L BAP 60% bud Singh et al.
apices Initiation sucrose + initiation (2012)
(0.5-1 0.8% agar within 16
cm) days













9. CONCLUSION AND FUTURE PERSPECTIVES

\B. vulgaris is an important species for the production of sustainability, with strong
propagation approaches like tissue culture allowing mass production to meet industrial and
ecological demands. Its economic significance, particularly in India, highlights its role in
rural livelihoods and renewable energy. Still, challenges like labor-intensive conventional
methods and limited genetic diversity require attention. Future research should focus on
developing low-cost tissue culture protocols to enhance accessibility for small-scale farmers
exploring hybridization to increase genetic diversity and stress tolerance and Integrating B.
vulgaris into agroforestry systems to improve carbon sequestration, with studies estimating a
potential 20% increase in  carbon storage by 2030 (Zheng, 2024).
Recent advances (2022-2024) in biotechnology and ecology demonstrate B. vulgaris as a
model species for sustainable development, with the potential to address global challenges
like deforestation and climate change (Sharma et al., 2022).,
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